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Tamper-Indicatiiig Retroreflective Article 

Field of the Invention 

This invention relates to adhesive-coa^H t amn «, i^a- ^ 
5 «wcsive coated taraper-tndicating retroreflective articles. 

Background of the Inv ? ntmn 

Retroreflective !heets „ wel| ^ Retoreflectjvc ^ m<j/a ^ 
reh^v. sheets are, to ex^p,., discos* to ^ 2i407 , 6g0 « 
W 178 (McKenzie), US 3.700,305 (Biughan) US 4,075,049 (Wort). US 4,896 943 

t*fc*hve bys, such as an opaou. ^ fc ^ ^ 

IL jrr . Ughtthatentcrsthc 
outern^or surface of the sheet near ^ , ayeroflenses is focused ^ 

Reh^fleenve ahem or layers have been used in adhesive^, articles, eg. naflfc 
signing, labels, stickers and the like, for at least 50 years. 

A variety of adhesive^, remove articles have been developed for a. least 25 

vThlT • TiSU ' 1 ° f »^-^ed,«ohave 

~y h* adhes™ to snrooth surfaces such as ^ and to g,vc permanent ^ n 

«* fry car, be tentoved only with th. aid ofsolvents and/or ^eehanica, scraping 
rhrough the use of solvents and/or mechanic. • 

C1 u . ^ orm ^^cal scraping the article is typically damaged to 

vT T/" Crimin,, Cff ° rt '° remWe •** *«* *- • such as a 

and then transfer „ to another subsuate. e.g. a second vehicle. Such an article 

adhes.veshaveheendevelopedtoinc.ude.dan.ageable.ayerover.a^gd; 
I^T"" 71,6 damageaWC byer 0Sra ^ » Pti "' ~. such a, 
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destroyed upon an attempt to remove the article from the substrate surface providing an 
indication of tampering and niinirnizing the risk of an undetected transfer of a 
permanentiy bonded article. However, using articles having high-adhesion adhesives and 
pcnnanently bonding such articles on a substrate surface can be disadvantageous. For 
example, the use solvents and/or mechanical tools for temporary stickers and the like is 
inconvenient, and valuable substrates, e.g. painted surfaces of a vehicle, bumper*, license 
plates and the like, can be easily damaged by solvents and/or scraping. 

To overcome these disadvantages WO 97/44769 and WO 99/55791 propose a number of 
multilayer sheets or tamper-indicating articles, respectively. 

WO 97/44769, for example, describes a multi-layer sheet comprising flexible backing 
comprising at least one damageable layer; and a pressure-sensitive adhesive layer for 
attaching the multilayer sheet, wherein the pressure-sensitive adhesive layer is readily 
removable from a surface and is selected to exhibit for an adhesive layer with a thickness 
of 500 urn a 90- peel adhesion of between 20 and 85 N/inch from glass after a dwell time 
of3da y satatemperatureof70*C. The multi-layer sheet described in WO 97/44769 may 
further comprise a retroreflective layer. 

WO 99/55791 Ascribes, for sample, a tamper-tadicating article comprising a pressure- 
senstttve adhesive film orpreasurcaenaiUve adhesive^ tape a,,, can be removed, 
wtlhoot exhibiting cohesive feitae ftom , substrate anrface by swtching «, film or 
and at haat one damageable layer that shows coheaive or intralayer fiilure when an 
anempt is made to mmove the article from the anbatrate sarface. The article described to 
WO 99/55791 may former comprise a retroreflective layer. 



Dnrmg an attempt to remove the above-mentioned sheas or article* (mm a subatmte, a 
port.onof.be abator artide will aptitofrOtererefetredmaame-spm-portion-O. leaving 
a second portion of me sheet or artide atill adhering to me snbstiate. In a second aep>(hs 
pomon of the sheet or artide mmatoing on me snbatrae is easily and comptady removed 
without the need of solvents and/or mechanical scraping The spU, portion of me above- 
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mentioned sheets and articles includes the retroreflective layer. The sheets and the articles 
provide indication of tampering, for example, via the destruction of a kinegram or 
hologram, the formation of indicia and/or the creation a pattern on an outer surface of the 
split-portion of the sheet or article, e.g. on an outer surface of the retroreflective layer. 

The teachings of WO 97/44769 and WO 99/55791 are particularly advantageous for such 
sheets or articles for interior application, i.e. adhesion onto a transparent substrate such 
that the sheet or article is viewed through the transparent substrate and adhesive portion. 
in such interior applications, the adhesive component of the sheets or articles overlays the 
front-side, i.e. the light-entering side, of the retroreflective layer. Upon removal of the 
sheet or article, the tampering-indications are visible when viewing the front-side of the 
retroreflective layer, and thus the split-portion of the sheet or article can not be simply 
reattached to another substrate surface. Conversely, in exterior applications, i.e. adhesion 
onto a substrate such that the sheet or article is viewed directly with the adhesive portion 
and substrate being behind the viewing face of the attached sheet or article, the adhesive 
component would overlay the backside of the retroreflective layer. Upon removal of the 
sheet or article from a substrate, the tampering-indication may only be visible when 
viewing the backside of the retroreflective layer. In this case, it may be possible to transfer 
the spht-portion of the sheet or article without detection, by reapplying adhesive and 
adhering it to a substrate surface, because the tampering-indications would now be hidden 
from view. Also, in regaidto sheets and articles with tampering-indications visible from 
the front-side of the retroreflective sheet, it may be possible in certain instances with great 
criminal effort and ingeniousness to remove the tampering-indications overlying the 
retroreflective layer and reuse the retroreflective layer of the split-portion. * 

To avoid these types of shortcomings, it would be desirable to provide a tamper-indicating 
article m which the tamper-indication features are embedded within the retroreflective 
layer or sheet itself. However efforts to provide such an effective tamper-indicating 
article have remain unsuccessful. For example, about IS years ago, a high-adhesion 
pressure-sensitive adhesive-coated sticker for exterior applications was prepared 
containing a retroreflective sheet having a discontinuous layer made of silicone adjacent to 



the reflective layer on the side of the reflective layer near the layer of lenses in attempt to 
provide internal interlayer-cohesive failure sites. Although silicone-bascd materials are 
considered by those skilled in the art to be the classic release material, the incorporation of 
a silicone-based layer failed to provide the desired effect. Before and since this time, the 
provision of effective tamper-indicating retroreflective articles have relied on the 
application high performance adhesives and/or the inclusion of additional damageable 
and/or tamper-indicating over-layers. 
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Summary o f the rnwnt 

It is desirable to provide a tamper-indicating retroreflective article, in which the 
retroreflective sheet itself exhibits the indications of tampering and the indications are 
substantially visible when viewing the front-side of the retroreflective sheet, and thereby 
fulfill a long felt need. Furthermore, it is desirable to provide a tamper-indicating 
retroreflective article particularly suitable for exterior applications and thereby fulfill a 
long felt need. It is preferred that the tamper-indicating retroreflective articles retain such 
tamper-indicating characteristics over time and/or upon exposure to weathering stress. 
Also, it is preferred that the tamper-indicating retroreflective articles exhibit sufficiently 
high adhesion to the substrate for normal use, yet arl removable without the aid of 
solvents and/or mechanical scraping. 

Surprisingly, it has been found that through the inclusion of a non-siheone-based layer in 
the retroreflective sheet adjacent to the reflective layer on the side of the reflective layer 
near the layer of lenses, an effective release layer within the retroreflective sheet can be 
realized. Further, it has been found that an adhesive-coated article including a 
retroreflective sheet with such an internal release layer can be provided which exhibits 
mterlayer-cohesive failure at therelease layer of the retroreflective sheet when an attempt 
is made to remove the article from the substrate surface. 

Accordingly one aspect of thepresent invention is a tamper-indicating article for 
attachment to a surface of a substrate comprising (a) a retroreflective sheet and (b) an 
adhesive layer, 
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and 



wherein said retroreflective sheet comprises 
a reflective layer, 

a non-silieoite-based release layer adjacent t0 ^ re(lectjve ^ 
al^l^ov^ said reJease ^ posiI . oMd jn ^ ^ 
witt and reflecnve layer «, * to nmmBxtim . ^ 

wherein the artide exhibits intertayer cohesive laitee a. «he release layer of the 
r^flee*, she* when an a^p, . ma<Je t0 ^ ^ ^ ^ ^ ^ 



m W^eatog fean.re of ft. a«,e,e of the in ve„„on resuta fa. the Mu « m „ 

^ne-based release layer- „ to * miHM m ^ fa 

-y -»* .or. partly the release layer is free of any sUicone. The eohesive 

a .his layer is .ess than *e ^v. ^ oet.ee, the subarate earfi.ee and 

theadhesrvelayer. ™= ^.c tl^ regains duraMy bonded to a snba^e suriaee under 
nor^a, uee condition*. However, an ^ n ^ ^ ^ 

^^^byaaepa^^^^^^^ ' 



«par«.onoffl,e« fl eehv.,ayer ( ro ral be I «r 0 refleedve s hee t 
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The « ease Way be either condor or dentin*,,, to the ease »e refease .ayer 

sheet The _g raroreflechve aheer^po^n, loses thereby «, relr . relI ee«ve 
propeme, The .a* of retrod i, observe fom fte fro of J" 
«^«tiv. shoe, and Wore the arfofc provides sufficient indicatfon .f 

^^-^to^videret^flee^^^^^,^ 
^wouid^inade.tab.eehan^inrehoreneenon.whiehisa^lT 



T, *" of *» retrore <"°"« shea, Km ^ t renore(IecSve 

sheet-c mponent non-transferable to Mother substrate. 

Preferably the release layer is discontinuous. When the release layer is disttontinuous 
onry the portions of ^ reflective lajw ^ ^ fc ^ " 

fi^merettmeflectivesh^ Such s^on team,.*, noticeable spurting pattern eg. 
'^"^^depen^gonftepaa™^^^^. " 
on the splft-porton as we., as its counter-panen, on Ote portion of the article reraaintag' 
adherad to the substate. ^ ar«ic,e thereby provides sufficient moicuion of „ 
render i, oon.tr»sforab.e. Moreover, the remaining rettoreflective sheer^nponent wil. 
exhibt a detoctrtlepattemed retroreflection observable from the Sont-side of the 
reflective sheet, thus rendering it non-transfauMe to another subsfrate. Alaodueto 
d.e dtscontinuous nature of the separation of the reflective .ayer, any attempt to r« tore the 
refleenve layer will be even more diflieuh easier to detect. 

Advantage, ft. tampering-indicating artic.es according to the invention ratain their 
■merlayercohesive faimre characteristics a, the rdease .ayerof the rarareflective sheet 

heat and/or humidity as desired f OT commercial use. 

TW ^-indicating article, of the invention era particularty uaefid as .abefc or stickers 
or for prepanng .abcU or stickers, in particufcr security .abels or stickers (e.g. for short- 
.^(ton^and/onongtetmusage). Such security .abeis or stickera include, for 
example, to,, vignettos; .ioense pU.es for vehic.es m „„ (mB of . ^ ^ 
tickers; security UbeU for identification cards and other documents; c.osura seals for 
bnefcases, computer disc drives, doors and fi.ing cabinets; and the .ike. 

Also, due to exceflen, tamper-indicating properties upon weathering and the nantre of the 
^penng-ndication of the artic.es according * invCTlion . ^ ^ ^ 
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layer is adjacent to the major surface of the retroactive sheet near said reflective layer 
and distant to said layer of lenses of the retroreflective sheet. 

A further aspect of the present invention is a substrate bearing the tamper-indicating 
5 article according to the invention. 

Brief Descripti on of the DrawiW 

These and other features, aspects, and advantages of the present invention will become 
better understood with regard to the following description, appended claims, and 
10 accompanying drawings. 

Figures 1 and 3 show sectional views of two preferred embodiments of the tamper- 
indicating article of the invention. 

15 Fi ^2and4showsectional^ 

after application to a substrate and subsequent activation of the embodiment's tamper- 
indicating features upon attempted removal from the substrate. 

Figure 5 shows a sectional view of a further preferred embodiment of the tamper- 
20 indicating article of the invention. 

These schematic figures, which are idealize*, are not drawn to scale and are intended to be 
merely illustrative and non-limiting. 

2S Detailed I W,riotion pjjfaycntion 
Reference Numerals: 
10 Tamper-indicating Article 
20 Adhesive Layer 

2 1 , 23 Layer of Adhesive 
30 22 Carrier 

30 Retroreflective Sheet 



-8- 



31 


Reflective Layer 


32 


Release Layer 


33 


Space Coat Layer 


34 


Layer of Lenses 


5 35 


Lens Coat Laver 


36 


Top Coat of Re!tmiv>fl«aoti^rA ci»a„* 


37 


Ink Layer 


40 


Tie Layer 


50 


Holographic Laver 


10 60 


Print Layer 


70 


i op rum 


80 


Split-Portion 


90 


Substrate 
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20 



25 



---- 

C ° raP ° neM W - U «•««—*. rhee, of .he taroper-indicadng anic.e of the 
■oveohoo « better by refernKe ,„ <bs>cemvayiag ^ where 

"* 5 Sh ° W Prefcm " OTb0<iiraCnK ° f -* 10 of the invention. The 

,, .. ™ veByer31 - a 'K'n-silicone-base<lreleaselavw 
32 adjacent to said reflective lavn- n .»j i ~=»yor 
32 Ji. v . 3 1 , ad . layer of iense, 34 overlying said release iayer 

^P^nedutop^co^oawi^saidrefleeuVe^J, aoaatoproduce 
retroreflection. 



-oodttteoUofF^es ,,3a„d 5. A. tem a«ve, y . ft . hywof ta^J^^ 

30 ™ r ^ M Viny,> PO '^ ,e - — -be. 

^^•^• md ** oB ^^~fo, 
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muma.Iyperpendicu.ar faceswM, sutfii<: e areas of approximately ,„., ^ ^ ftI 



mm 2 



AsshownmKgurcs 1. 3 and 5. the retroreflective shoe, 30 may comprise an enclosed 
lay* offenses 34 tha, are coated i„ , spac ng resin comprising. e . g „ polyvinyl 
polyester as described in US 2,407,680 (Pataiquist et al). The spacing coat layer 33 
conforms to the ,enses. In the embodfaents of Figores .. 3 and 5, th e release layer 32 is 
d.scontta.ous, ,„d the release layer 32 and the reflective shee, 3 1 both underUe fte 
spactns coat .aye, 33. A discontinuous release .ayer ntay he applied in a random pattern 

b.tprefer.blyisappUedmeno^edpa^.suehasacheekerboa.d.Thereflective 
layer can comprise opaque materials such a, silver, aluminum, chromium, nick., or 
tnagnestum, or transparen, high-index reflector materials such as zinc sulfide, or mul D . 
layer reflectors as described in US 3,700,305 (Bingham), 

.5 Assr^mFigures l.3at,dS,th.r^.cuve. S hee,m. y fi^^,^ ^ 
ayer 5. to such embodiment the lenses can be coated onto fine leas coa, .ayer 35 and 
to fee spacing coat layer 33 can be coated onto the lenses. The lens coat layer can 
contain a colomd pigment fta, gives the ^reflective layer a colored appe«ar*e in 
"'^^W^ofaoifie,™^^ 

and 5 the reverse side of th. I™ can be protect by a top coat layer 36 made of any 

T - **" ' baC,Un8 ^ •*« - *• »«««ve .ayor 

opposue the release .ayer, which can aid in adhesion „f u* adhesive layer to the 

s raroreflective sheet or act as protective ovomoa, for the reflective layer. 

IT"* " "* Prefemd 3. *• rehoreflecti ve sheet 30. which has 

a dtsec^nuous refease layer, may pref^ Mmprise Mya „ ^ ^ 

<l» tampering md.cahon even more noticeable and restoration attempt even : 



tmore 



-10- 



gravure Printing. Prefer, die ink is &n acrylic resin or a potyviuy,^ ^ ^ 
ba^ nti, Serins,,™, or ffl „ OTU ^ n » w ^, more ^ |ym>ciylte rein _ 

^«ti £ *»em« M onmw ae r M .PVB resh ,.b at ed i n ki „ 6 oIv e „ UuehMetoo| 

pnmtng mk comprising an acrylic resin available under the trade designation 
HYDROFILM 4000 fiom Akzo Nobel Inks, 23124 Trelleborg, Sweden and the 
ethanoVefltyfccoWe^ gravure and/or flexogrephic printing ink comprising a PVB 
resin available under the trade designation ME 72 HOKO from Siegwerk Dnickfiuhen 
GmbH & Co. KG, 53721 Siegburg, Germany. 

b. general, me interim cohesive ^ mterflBebetween „ e ^ ■ ^ 

mereflectivelayerora, .he opposite &ce of*, release layer is limit* and isthe weakest 
rn.eri.vcr utfcrrac. ra m= mu.ti-.ay* miy< t|B rdMM ^ ^ ^ 

stbeone material tha, pravidea limired int.ri.yer coheaive sticngm between the reflective 
layer and merelease layer. MorepreferaMy. the release layer comprises a material 
•elected ftom me greup consisting of polyester resins, po.yacry.ate resins and mixtures 
.hereof Most preferably me release layer compris.sk polyester resin ora mixture of 
polyester resins. 

Suitable polyesrer resms mclude polyester resins convey applied in primer, gloss 
a^or pretestings for printedpolyn^^ 

product .variable under *. ^ desieution BARGOFLEX Lack L 611 from Step,- 
A^erg AG, Aarberg, Switzerland. Suitable pel wll(e ^ iadudc ^ ^ 

copo.ym.ra. such as Arose conventions.^ ap plied as ^ for , 
■evelUng ^ or t0 urease g!oss of psints and powder coating, Examp.es of suitabie 
pollute resins indude me polyacryiates or scry,«e copolymers used in produce 

^rt:r^ iOTBvK3HByK353 ' BYK " 8 --' BYK «'^ 

Chemie GmbH, D-46462, Wesel, Germany. 
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Component (b) of fte «tk ofthe invention is „ , ayer 

layer is apmssure-wnsitiy. adhesive (PSA) layer, more preferaMy said PSA layer is a 

film of PSA or a PSA-coated tape. 

Component (b) of the tamper-fadicatfag article of tb« invention can bo better understood 
byroferencatoU.eaccompanyingdrawings.whereFigures l.SandSshowprefemtd 
embodiments of ft. arte!, .0 of fte invention whemin a doubled ape functions as 
ft. adhesive fayer of ft.artc.e. The doubk-eoated ^ „ mprise$ , clItiar 22 ^ , 
layer of PSA 21 on at feast .portion of. find major surface thereof and a layer of PSA 23 
on at least a portion of a second major surface thaeot The PSAs 21 and 23 can be fte 
sameor different in composition, depending upon ft. natures of ^ subslrale ^ 
eotnponen. (b). Th. PSAs arc chosen so as to pmvide bonds ft ft. substrate and fte 
retmreflective sh«t that am of graater adhesive attend ftan the inlerlayer cohesive 
strengft at ft. release Uya atts rclK)refleeIive ^ AHematively> , fito ofpSA ^ be 

used instead of. double-coated tap. as fte adhesive fcyer, provided that ft. film can ^ 
ttaagned to provide ft e appropriate streBgtte ^ , 

PSA-coated tapes and PSA films fo, use fa preparing ft, artcfe ofthe favemkm „ 
preferably those which can be amoved, without exhibiting cohesive faitae, fiom a 
substrate surface by stretching. The application of such PSA films or PSA-coated tapes as 
ft. adhesive lay* advaugeomly ..lows fte provision of. ftmper-indicating 
mtroreflective erodes, which are removable wiftout fte aid of solvenu amVor mechanical 
scmpmgandye..xbftit S ufl i ci«« I y Wg hadbesfa„ tt ft esutoefornoTOalMRSuch 
•^per-mdtcatfag retromflective artefcs am particularly suitable for use as „ r for 

pr^gtemporatyl^b.rtckema.dftelflte.U^PSA.^lud.ftos.acryUc 
PSAs; block copoiymer PSAs, rubber r«in PSAs, polyfalpha olefin) PSAs, and silicone 
PSAs foa, exhibit sufficient adhesion to a selected substrate to provide a bond drat is 
durable under normal use conditions and sufficient stretchiness and cohesive strength 

stm.cn.ng Acrylic PSAs ami silicone PSAs am general* preferred due ft their ligh, 
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more preferred. 



"^preferably, t ™Wy) ctacteisfc, with aeryiic PS As being 



^^^^^^^^^^^ 

tape manually and without nurture of the cam» h„» wetcnmg toe 

Of suitable nr.lv™, «. .7 MI " f,,,eCame ' dum ««>>«>val. Representative example 

*-* Copo.ymera, e.g., ettytenetaetltao^te. ethy^ny. ace«e 
-^onn^uUWayrene, edty.erWprop^, and bloc* eopolym^ (e g ^ 

^.If^dtee^Vcanbe^,,,,,,^^ y 
^^"^^.Porexanrp.M.eearriereane. eorona- or e,Ln 
« ^^1^*^— ~<-— ,*e 

-aamves, e.g., fillers, tackjfiers, or plasticizers. 

More preferred PSA-coated tapes and PSA film. * 

u- i_ ^ &A films for use as the adhesive laver *t* tw„ 

which can be clean iv r,~>„„ j * lvc Ia y er are those 

_ raesunace. Such tapes and films are described, e a in DF 1 r*i 

(BeiersdorfAG),US4 024lT?/v , ' 8,,mOE 3,331,016 

'° 24 ' 312 ^man), and US 5,516,581 (Kreckel et al.). DE 



O:\OlPC Hies - patents^ £pq lAV^eflectApp,. 



doc 



GEEK 



-13- 



10 



15 



20 



3,331,016 discloses an adhesive film comprising a tackified block copolymer PSA and 
exhibtfng high elasticity, low plasticity, greater cohesion than adhesion, adhesive strength 
that dtminishes upon stretching, and a ratio of removal force to rupture force of 1 2 or 
larger. US 4,024,312 describes a tape comprising a rubber resin PSA or a tackified block 
copolymer PSA and a highly extensible and elastic block copolymer carrier exhibiting a 
lengthwise elongation at break of at least about 200 percent and a 50 percent rubber 
modulus of not above about 2,000 pounds per square inch (psi) (13.8 NW). 

An especially preferred PSA-coated tape for use as the adhesive layer is the removable 
adhesive tape disclosed in US 5,516,581. This tape comprises a highly extensible and 
substantially inelastic carrier and at least one layer, preferably two layers, of PS A. lite 
earner has a tensile strength at break that is sufficiently high that the carrier does not 
rupture duringremoval of the tape from a substrate surface (e.g., a tensile strength at break 
of preferably at least about 4300 psi (29.6 NW), more preferably at least about 5300 psi 
(36.5N/mm ), most preferably at least about 6300 psi (43.4 NW). Tbe carrier also has 
a lengthwise elongation at break of from about 50 to about 1200 percent, (preferably from 
about 150 to about 700 percent, more preferably from about 350 to about 700 percent) 
w,thlessthanabout50pe«^^ ' 
about 30 percent, more preferably, Jess than about 20 percent). The carrier also has a 
Young's modulus of at least about 2500 psi (17.2 NW) (preferably, at least about 3 000 
P* (20.7 N W» but less than about 72,500 psi (500 N/W) (preferably, .ess than 
a*>ut50,™ psi ^ 

0*tw een about 34.5^^ 

does not separate from the carrier during stretching, and has higher cohesion than 
is adhesion to any suitable substrate. After being applied to a substrate, the adhesive tape 
becomes firmly bonded, but can be easily removed without damaging the substrate by 
sunply stretching it, preferably at an angle of about 45 degrees to the substrate surface 
moreprcfe^lyinadi^ ' 

(preferably, less than about 30 degrees, more preferably, less than about 10 degrees) to 
30 the substrate surface. 
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preferablvadfacmtolhem,!™..^. , "™ CB,vell <y«ZOoftheartioIeis 



emho.toenuofto^ £ f «**«>»fl««ive shee, 30. Suehpreferred 

«P"rrag suckers, labels a„d the life for w , icati()n8 



overiay, fte major surface of He retrorefleoive sheet near the laver of l«n J 
.o « reflective layer ofthe reflective shoe, For ! 

made of any suitable n.^ «us purpose, the backing layer can be 

overtax revive Uy. win sp* ^ f^£,T" Ste 
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20 



or 

a 



attempted removal from the substrate. When an attempt h made to remove u* preferred 
emhothmenb of Figure, 1 and 3 fiom the surface of the substtae 90. interlay cohesive 
fttlwe occurs at the interface between the release layer 32 and the reflective layer 31 or 
between the re.ease layer 3! and the ink layer 37. Tie split-portion 80 split, off, leaving 

imntonofflKreflectivelayerSloraportionofthcreflectiveandinklaycraSl 37 
together with the adhesive layer 20 adhering to the substrate. 

As mentioned above, the tampering-indicating articles according to the invention 
advantageously retain their interlayer cohesive failure characteristics at the release layer of 
me mttoreflecnve sheet over time and/or upon exposure to weamering stress. Pmfembly 
me temper-indicating arte!., substantially retain interlayer cohesive failure characteristics 

a«the re .ea S eUye,ofthe retrore fleotive s hee,a«er.dweU n n«ofatle aa 24ho ll r(mo re 
destrably 500 hours, most desirably !000 houm) a, 23"C and 50% relative humidity on a 
substtm surface. Mom p re femhly, me mmper-mdicaring srticles retain interlayer cohesive 
fttlurecharacteristics^mem^teyerofme rettweflective sheet after a dwei. time of 
a. leas. 24 hours (moredesuub.y 500 hours, most dumbly 10 00 hours) a, -.5'C and/or 
70-C on a substrate surface. Even mom prefambly. tte tampering indicating articles retain 
mterlayer cohesive failure choacteristica a. me release of Urn rettomflective sheo, after a 
dwell time ofa. leas. 100hoursa.3 S -C»,90% reI aavehumidi V . Most pmferably. me 
^™^^eles rel atai M erfa^ 
layer of me nmoreflective shee. after a dweU .im. of a. leas, 500 hour, (more desirably 
1000 hours, most desimb.y 1500 hours) on a subattate surface under accelerated 
weathering conditions as defined by DW 53 387. 

25 To ^S^IyMi tTO ctoremovmofm.s P m-p^onduringana«temp tto 
removeihe article fiom , substeate O.e. me spin-portion peels off in 3 or less pieces, 
preferably in one piece), me mttomfjective sheet of m. article pmfemb.y exhibits a .enaife 
strong* a. break gmater than 7.8 NW. mom pmfemb.y gmate, than 8.0 1W. most 

DIN 53 457. To farmer oprimiae clean remo va. of fae apportion, me motive 
shee, of me article prefembly exhibta an eiongation a, break gmater man 40%. mom 



r**"* 4 "™ 1 «•»•—>**-•. than 150%, ^ferablyasderamnned 
by the method according to DIN 53 457. 

a. touted, pre-selected anglea.asauftemica.ion ma*,. Suchdimcdonalimagesaawellas 
methods of renting such images arc disclosed and deribed in US 4,634.220 (Hockert 
et al). Such directional images are generated via the application of laser radiafom la 
parties. laser radiation iadirected at the f«m.-sid.of.here^reileetivesh«tmgand 
transtnitted through the sheeting without appaem modification of the lenses, to form axial 
markings, such aa openings, recesses or deformities, in the reflective layer, eg by 
■netting, retracting, or vaporizing the portion of the reflective layer on which the laser 
radiation i, focused. The reflective layer, thu, tea***, contains a setof axial marafogs 
winch are viewable aa an image from the ftont-side of foe retinreflective Aeet wilhin , ' 
hnmed range of angles. Moreover, u*ra is an individual making for each lens in A. 
.mage are* with the center point for e*h such individual marking being located on an 
axts mat extends through the optical «n«er of iu asperated lens, and with foe individual 
axes tnteraeetiog at a common viewing point or line h or being casually paraHe. to one 
another. Th. axial markings are, thua, together viewable from the ftont-sid. of the 

cornea, range of viewing angles centered on a tin. parallel to ft. stated ^ 

Thefcserradiation may be partem,*, e.g., by pasaage through a nrask, s0 „ ^ 

H"T T ^ ' Kteed POr "' 0 " ° fthe '— ■ « ft ™» <* W"- -formiyover 
the whole surface of foe reflective sheeting The articles of foe mvemion am ragged 
as forectionally imaged" herein whefoer it is prepared wim partemed or wifo whole- 
^^•aitic.mmfoerc^fo.^fl^^^^^^ 

appearance a, certain angles of viewing. The images are generafly viewable in 
dtflusc hght, bu, foe brightest imagea are usuafiy aeon under retroreflective viewing 

*» ™ an axis of Ugh, beamed atme sheeting underdarkened 
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The application of such directional images as authentication marks in the articles of the 
mvennon advantage provides ye, a further tamper-itKHcating feature as well as an 
addtnonal detect fa attempted r^or*™, „ „,„ reflective |ayer ^ m ^ 
™»ove the artiole ftom the subsftate surface and henco separation of the reflective layer 
front the rarorefWe sheet, such an authentication ma* would alsobesubstentiaUy 
desftoyed. For articleshavmg a conti„ uoas relMse laycr> ^ ^ 
ho substentiaHy completely destioyed. white for articles having a discontinuous release 
layer the authentication mark would be partially destroyed. 

Beside, the reuweftective sheet and the adhesive layer, the tamper-indicating articles of 
me present invention may ft*her comprise additiona, component layers, such as primer 
-tings, he layers, print laye^ additiona. protective flh™, ^ olter laJWS 
authenttcatron indications, such as holographic films and the Kke. 

W ampte as shown in Figure 5, a preferreti embodimen. of me article of the invention 
*e mtroreflecnve sheet 30 by a tie .ayer 40. The preferred embodiment of me article 

iO^fectedbyafopfllm 70. Theptin, Uyermaypmvide adesign, gr^L L 
and/or information as desired S"putca, tea 



Stuteble -tn, for , tie layer include prim™ (e.g. seated ftom known prfmer 
coaongs and n^mtente. e.g. of the types deserted above for use on tire carrier of PSA- 

rzrr sby,teapp,i ^° f ^^-^«o-fasuflLn, 

material for the heat-shrink tie layer. 
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30 



A «M* type of hotegraphic kryer is diseased in us 5,656360 (Taykish elal) A 
holographic layer may comprise two sublayer a smrcrurcd euM>yer ^ m 
«fl«tor sublayer, The ^ycr ca , be formed by several medtods «bat are well 

■ known*, the art, as disclosed to US 4.856,857 (Takeuchi et a,.,, «« contents of which is 
■ncrHporared by reference here,,. It may be made of mafcnal, such as polymelhyl 
"totruKrytato. nitrocel.uk**, and pdystyrcne. The smurtorrfsublayer includes a 
—vetoed roHef pa,*™ of holog^c or difflaction gradng images in .ho form of 
logo, or patterns m reflect light An embossed microsecond .ayer may be formed by 
conuenng «he mltterial ^ ^ ^ ^ ^ ^ ^ 

pressure. AUenrativery. *e sbnetoren sublet may be made by any orher suitable process 
such as radunon curing, and may be made of materials such as umhane, epoxy. po.yes.er' 
and acryte. monomc and oligomers, which are fornndatod win, photomidators, cas, on 
a non^efonnaHe too. having , ,nicros,™ured reKef patten, and radiation cured The 
^tK^reflectorsubl^Ucouedon.hes.ruc.uredUy.r Cher before or after 
embossing. The reflector sublayer preferably ha, a higher refiacHve index than the 
str^ tay er. Prefer, „ ere< ^ 

.on^.0 brsmud, trrox.de, zinc sulfide. .iUmum aioxide, and zirconium oxide, which are 
d-ribed n, US 4.856,857 (Takeshi e, a,., Less ttansparen, materials such as Bun 
alummum or silver, or patterned reflectors can also be used. The reflector sublayer 
Ranees rhe reflection ofligh, mmugh the sttnetored sublayer due to rhe difference in 

eftaeove .ndex berwe™ to, sectored a* reflector sub.ayers. Thus, me sttuctured 

coated on the structured sublayer. 

d«!r ^ M *"» ™**» wherebytoe 

<«W. g^c, text or the like is primed onto .he surface of me image recepdve subUyer 
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15 



Image receptive *rf Kes comprise material, that have an affinity for the particular fate 
tone* or fte tike Co be used in ,he imaging andA* printing process. The Section of 
«u.able materia* for an image receptive sublayer for the applied inks or tonem is welI 
known m the art. 

The top film, typically providing to protect the article iron, degradation due to 
environments conditions, may be either a film including, but not limited to, polyester 
polyviny. chloride, polyolefin. po.ycamon.te, or ce>,ulos. ac«*e, or a eating such as' tu, 
abraston resistant or durable coating. Tti. ,op film may be of any suftable thickness 
depending on requirements for durability for indoor and outdoor applications 

The tamper-indicaung article of the invention can, if desired, timber comprise at .east one 
Une,, eg., to protect tire adhesive layer. Such a liner can be of materials known in the art 
such as paper or poiymerfilm, optionally bearing a rele^coaing or having been treated 
or precis* in some manner to enable, eg, the release of the adhesive, such as a PSA. 
from the liner. 



The amele of the tavention can he prepared asing convention* coating, laminatioil 
»d/or transfer techniques. The thickness of the various component layers can vary" 
20 wrdely. depending upon the number and the nature of the particular components me 
particular application, and the performance characteristics desired. 

Objec* and advantoges of tins invention are further arreted by the foUowing ettample, 
but me particuhn- materia* am, amounts thereof recited to the* example, as we,, „ olhet 
25 conditions and details, should not be construed to unduly limit this invention 
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Tensile strength of reflective digging — rn~m 



uim, Geraiany. 

a-*, of **** m. » cul to of ^ ^ x I00 ^ ^ 

w« ^ „«„ fc ^ ^ trasi|e ^ of ^ ^ P 
NW aid the 8ve results then averaged. 



mamisa it baft nf mr*,.^ ... ^ 

W 3 457 «, „ rattte efc, »d -p h M ^ for Tensj , e 

^gth meas^meab above. Re^te wem reeorte, („ percen , 



onn 



«* • and hand pre55ure . ^ of „ ^ 

wdsvjsioie. Samples were rated as pass or fail. 
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Sample preparation for ^ r Tr » ( . 

" ^ """ >— * >-H- — aU^ed ,o remain in . Mnttoned 

one of the following test procedures. 

AgjngLat2yc and 50% igjativejmffljdjty 

Adhered stickers were exposed to SO % relative humidity at 23°C for r*rinrf «^ . 
500hoursand 1000 hours, respectively. Cforpenodsof 24^ 



High Tem perature A 6 ^ 
Adhered stickers were $u1 

hours and 1000hou», resp5cUve i y , uring afomedairov^ 



low Tempftti tture Ag m g 

nours and 1000 hours, respectively, using a deep freezer. 
Accelerated A^, 

Accelerated aging of completed stickers adhered to Dainted *t~i , 

above) wem ni^ • P steel (prepared as described 

TmZ ! 3 """^ " ««* (Heraus West Model 
1200 W and ^ according toDIN(Deliache 

comprises 102 minutes uxvai t . ^"""J 5 "*?- The aging cycle 

a- water spnJTT " '-~ ) M « 4 * 18 »*- * «* 

W Z 71 W "■*—**' »»00 hour, ,000 

hours anO ,500 hour,, respective*. ^ ^ wm 

24 hours before evaluation. rest at 2J C for at least 
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Accelerated apin ff followed hy W 

Adhered stickers were subjected to 1000 hours of accelerated aging as described above 
followed by 72 hours of heat aging in a forced air oven at 70°C. 

5 Accelerated aging foUWH k v w <emnftratl>w ^ 

Adhered stickers were subjected to 1000 hours ofaccelerated aging as described above 
followed by 72 hours of low temperature aging in a freezer at minus (-) 1S°C 

Humidity Resifttim™ 

10 Adhered stickers were exposed to 38°C at 90% relative humidity for 1 00 hours using a 
commercially available heated humidity chamber available as TYP 4302 6101 from 
Liebisch Company, Bielefeld, Germany. 

Outdoor affinfl 



red to painted metal were aged under atmospheric conditions according to 
ASTM (American Society for Testing and Materials) Method G7 in Hilden , Germany for 
1, 3 and 6 months, respectively, each term beginning in February. 

Evaluation anH Ttati^ ^ Test Sp^ m ^ 

20 All adheredsticker samples w^aHowedto^ 

otherwise specified. Then the following evaluations were made: 

a. Visua! appearance - edge peeling, color change, and cracking were noted if present OK 
indicates that no visual change in the sticker sample could be detected 

25 

b. Splitting performance 

*" ^ ° f ,J,e "** "*»"—*'■ - *~ (or a s™!, 
-«*- of ta», plwM) „ d ^ MculIed „ ^ 

»> FAIL raMM lhat ». Sfflnple did no , spm w d . d ^ ^ a( ^ ^ 



O:\OiPC files - patents^* 6PO lA^trorefiectAppldoc 





-23- 



c. Removability of residue 

fita «, be m iy ^ checkei ,. RemovaWe „ ^ ^ fltos 

^ve coatings could be rented in c™ piece b ystrete hin 8 „ « ^ cIosc to ^ 
^> bonding plane. 

On samples provided with traditional high adhesion PSAs rem^vr* , 

««i»ron rj>As, removability could only be 

effected by ted,,,™., mahods such as used of solvents aod/or scraping. 

•0 Example 1 

Preparation nf Str^k.,-^ Ijtmitt>tp 



sensitive adhesive layer™ „^ rr 



goSffiiiaaELLDPE film k.^ r a prr --, UL 



15 



A M adhesive (PSA,, comprising . copolymer of isoocty, ^ 

^)»d^,^^ )to>w ^ t ^ of95 ^ iOAto fa ^ 

w^mu^e of .sopsopy, aicoho, and heptane a, 25 p^ solids „d an inherent 



20 



^ w 7 ^ ^ °" ~ Si4e) - SKYMAX 390 from 

*W* Ud, Scunthorpe, UK TOe coronated surfcee of the LLDPE fita W 

The second exposed surface of the U dpp «!™ .1. 

or we LLDPE film was then corona discharge treated 

- a w a gh, or 03 ^ to 7 „ . ^ ^ J 
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15 



20 



25 



30 



aohds and an taheren, viaeosity of ca. I.S. The «,.„«.„ also contained 0.25 percmt, of a 
biaamide*a*d .hennsl.v.acuvat.d crcsannker. This second acrylic adhesive solution was 
then coated ^ a silicone-coatcd transparent polyethylene release Jiner and dried to a 
forced air oven to provide a dry coaling weight of 40 |tm (40 g/m J ). 

The exposed surface of the second pmasurc-sensittv. adhesive was then laminated to the 
«eond corona-treated surface of fte LLDPE film, manning m an LLDPE fito, tearing 
laycnt of two differing acrylic PSAs, respectively. Each pressure-sensitive adhesive 
surface was protected by a release liner. 

Preparation of Tjemy<l. ^j ve Shaain p 

A mtmreflective sheeting was then prepared by casting » sequence of layers onto a 
release-treated support paper, starting with the layer which is ultimately first exposed to 
impinging light. 

A release-treated support paper was first coated wfth an organic solution of a transparent 
polymer comprising polyvinyichloride (PVQ and then dried to give a thickness of 62 pm. 

A second transparcnt polymer solution comprising a ciearpolyester main in a mixture of 

amnuficso^waacca^ontomed^PVClayerandpatrimlydriedmaforccdto 
oven. Sofid glass beads having an average diameter of ca. 7, pm and a refractive index of 
» "6 were scattered onto the we, polymer surface to excess. The glass beads were 
partially embedded into toe we. polymer in this process and were then dried in place. 

A fond transparent polymer solution (a solvent-bome alkyd main) was men coated over 
the surface of foe embedded glass beads and dried. 

Finally, a solution of polyester, commercially available as Bargofiex L 61 1 from Sicpa- 
Aarberg AG (Aarberg, Switzerland), was obtained as a 25 % solids solution in n-propyl 
aeetate. This materia, was further diluted to 15% solids with metoyl efoyl ketone (MEK) 
A fluorescent pigment, available as BLANCOPHOR SOL from Bayer/USA was added to 
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the polyester solution in an amount of 0.25 % by weight based on the total weight of the 
solution. The addition of fluorescent pigment i s not necessary for the invention, but die 
pigment was added to the polyester solution in the example to provide a means of 
detemiining the location of the release material after subsequent testing of the splitting 
5 behavior. 

The polyester solution was then applied to the third transparent polymer layer described 
above using gravure printing (60 lines/cm) to produce a discontinuous coating. A pattern 
of the polyester solution was printed, the pattern comprising a checkerboard pattern of 
10 squares of 10 mm X 1 0 mm. The printed solution was then dried in a forced air oven for 
1 min at 70° C. The thickness of the dry polyester pattern coating was estimated to be 
between 1 and 5 um. 

A continuous aluminum vapor coat layer was then applied over the discontinuous 
15 polyester layer, in the amount of ca. 25 Kilo - Angstroms, corresponding to a thickness of 
ca. 2.5 jim. 

Flexibility of the retroreflective sheeting was evaluated by measuring tensile strength and 
elongation at break. Tensile strength was measured as 8.57 N/mm 2 and elongation at 
20 break was measured as 187.6 %. 

Lamination of the Stretch Release Laminate to the Retroreflective Sheeting 
The paper liner was then removed from the first PSA coated surface of the 1XDP£ film 
described above. The exposed first PSA layer was then laminated to the aluminum vapor 
25 coat layer of the retroreflective sheeting. 

The release-coated support paper which served as a substrate for preparation of the 
retroreflective sheeting was then removed, finally exposing the light-receiving surface of 
the retroreflective sheeting. 



The finished stock material was then cut into smaller section of 5 cm x 3 cm for testing. 
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Tamper-indicating and Splitting Behavior on Attempts to Remove 

The remaining release liner was removed from the thicker PSA layer and the sticker was 

then adhered to a smooth painted steel panel. 

5 

On attempts to remove the sticker from the panel, it separated into two parts and showed 
splitting ax the interface between the polyester layer and adjacent aluminum vapor coat 
layer. In areas where the polyester layer was present, the aluminum vapor coat layer 
remained on the substrate with the adhesive. In areas where the polyester layer was 
1 0 absent, the aluminum vapor coat layer remained strongly adhered to the third transparent 
polymer layer and separated with the upper layers of the retroreflective sheeting. A 
distinctive silver/clear pattern could be observed on the surface of the separated sheet and 
on the surface remaining adhered to the painted metal panel. 

15 With aid of an ultra-violet (UV) hand lamp, it was determined that the patterned polyester 
layer itself was to be found on the surface of the third transparent polymer layer, rather 
than on the aluminum vapor coat layer. 

Removability of Residue 

20 The adhestve/LLDPE film residue remaining on the substrate could be removed in one 
piece by firmly grasping the edge of the adhesive-coated LLDPE film and stretching it at a 
small angle from the bonding plane. The adhesive-coated film stretched without breaking 
and simultaneously released its adhesive grip on the smooth substrate. No adhesive 
residue remained on the surface and no scraping or solvents were necessary to effect 

25 complete removal of the sticker components. 

Aging Tests 

Intact sticker samples were adhered to painted steel panels and then evaluated for 
performance and appearance after being subjected to a variety of weathering conditions to 
30 demonstrate the durability of such stickers in harsh environments commonly encountered 
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during long tern, applications on exterior surfaces such as automobile windshields or 
painted metal gas tanks of motorcycles. 

Test results are summarized in Tables 2 through 6. 

s 

Example2 

Example , was repeated wiB, *. «c=pdon tha, the discominuous pa^m-coatutg wlied 
pdyacrylat. flow agen , avai]ab , e „ BYR 3 j4 ftom Byk Chem . e 

•*MH«HM M (n )rt ^cdiuachedccrt^dpan^asinExampk .. 

The completed sticker emotion was tested for aplitdng characteristics ami durability. 
Results are summarized in Tables 2 through 6. 

15 

Example 3 

^P^maartoatamp,. 1 , wim the exception thai (he stretch release laminate 
^ngadhe^atedLLDPE washed with , shtgle layer of aggressive 
acrylate-based pressure-sensitive adhesive. . 

20 

The firs, preasure^smve derive, described io Exampte ,, ^ng , |0 m IUck 

25 

Tbesmg.e mm Uyer of pressure-seusirive adhesive was tam^a . m e aluminum _ 
coat.ayerofmereu.reflecuvesheeringprep^^^^^^^, 

checkerboard patten, ou both of the two resuMug surfaces. 
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The adhesive residue could be removed by traditional methods, including scraping and/or 
application of organic solvents. 

5 Example 4 

Example I was repeated with the exception that the polyester was applied in a pattern by 
using a laboratory version of a tampon printing process. An applicator was prepared by 
taking ten 15 cm square sections of cloth and binding them over the flat surface of a jar lid 
measuring ca. 5 cm in diameter. The absorbent applicator thus prepared was then dipped 
10 briefly in the polyester solution described in Example 1 and touched lightly to the third 
transparent polymer layer. The polyester solution was dried in a forced air oven before the 
aluminum vapor coat layer was applied 

Stickers prepared in this manner also showed the characteristic splitting behavior 
IS described in more detail in Example I , corresponding to the presence or absence of the 
polyester layer. 

Samples, 

Example 1 was repeated with the exception that an additional layer of ink was provided 
20 between the discontinuous polyester layer and the aluminum vapor coat layer. The 
transparent, red flexographic printing ink (available as HYROFILM 4000 from Akzo 
Nobel, The Netherlands) was applied in a continuous fashion at a thickness of ca. 5 um by 
gravure printing. The colored ink provided an additional security feature and an 
enhancement of the silver-clear splitting appearance. 

25 

Examples 6-8 

Example 1 was repeated with the exception that the discontinuous layer of polyester was 
replaced with each of three different acrylate-based polymers. These were BYK 355 
(acrylic polymer, 52 % solids in methoxypropyl acetate), BYK 358 (acrylic polymer, 52 % 
30 solids in atkylbeozenes) and BYK 361 (solventless acrylic polymer), respectively. Each 
material is available from Byk Chemie GmbH (Wesel, Germany). 
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Comparative Example 1 

Retroreflective sheeting was prepared in a manner similar to that of Example 1 with two 
exceptions: 

1 . Transparent alkyd resin layers were employed as each of the three transparent polymer 
layers of the retroreflective sheeting component. 

2. The pattern coating applied between the third transparent polymer layer and the 
aluminum vapor coat layer comprised a mixture of about 0.1 percent by weight of a 
mixture of over 60 % dimethyl siloxane (ethoxylateo, 3-hydoxypropyl-termmated), 15 
- 40 % polyethylene oxide monoall yl ether, 5-10% polyethylene glycol, 1 - 5% 
decamethyl cyclopentasiloxane and 1 - 5% octamethyi cyclotetrasiloxane (available as 
Silicone Fluid Q4-3667 from Dow Coming Corporation, Midland, Michigan, USA) in 

15 a commercially available gravure printing ink 

After drying, the thickness of the discontinuous silicone fluid /ink layer was estimated to 
be between 2-5 urn. The tensile strength of the retroreflective sheeting was measured aa 
7,76 NW. The elongation at break of the sheeting was measured to be 28.5 percent, A 
20 single, thin layer of aggressive acrylate-based pressure-sensitive adhesive was lainiiiated 
to the aluminum vapor coat layer of the retroreflective sheeting. 

This example corresponds to the article known in the prior art. Neither the retroreflective 
sheeting nor the complete sample of this example showed any splitting characteristics in 

25 accordance with the snap test or after being adhered to a substrate for 1 minute or up to 24 
h at room temperature. (See Table 2 for snap test and splitting performance after 24Vy 
The adhered sample could only be removed from the substrate with great effort and 
application of traditional organic solvents and/or scraping techniques. Because the 
material of this example does not show the desired splitting behavior, no long-term aging 

30 and durability tests were performed. 
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Table 1 



1 WWIipM 


Retroreflective sheeting 


Release material 


Adhesive type 




Tensile strength, 
NAtoti' 


Eiong. at break, 
% 






1 
4 


L 857 


187.6 


Polyester 


Stretch release laminate 


2 


8.57 


187.6 


Acrylate 


Stretch release laminate 


X 

•J 


8,57 


187.6 


Polyester 


Single layer of PSA 


A 


8.57 


187.6 


Polyester 


Stretch release laminate 


5 




187.6 


Polyester 


Stretch release laminate 


6 


8.S7 


187.6 


Acrylate 


Stretch release laminate 


7 


857 


187.6 


Adylate 


Stretch release laminate 


i 


8.57 


187.6 


Acrylate 


Stretch release laminate 


Cl 


7.76 


2S.8 


Silicone 


Single layer of PSA 



Table 2 Snap Test and Aging at 23° C and 50% relative humidity for 24 hours 



Example 


Snap test 


Aging at 23°C and 50% relative humidity, 24 hrs 






Visual 
appearance 


Splitting 
performance 


Removability of adhesive residue 


1 


Pass 


Pass 


Pass 


Cleanly removable by stretching I 


2 


Pass 


Pass 


Pass 


Cleanly removable by stretching 


3 


Pass 


Pass 


Pass 


Removable only with solvents and/or 1 
scraping 


4 


Pass 


Pass 


Pass 


Cleanly removable by stretching 


5 


Pass 


Pass 


Pass 


Cleanly removable by stretching 


6 


Pass 


Pass 


Pass 


Cleanly removable by stretching 


7 


Pass 


Pass 


Pass 


Cleanly removable by stretching 


8 


Pass 


Pass 


Pass 


Cleanly removable by stretching 


Cl 


Fail 


Pass 


Fail 


Complete sticker removable only with 
solvents and/or scraping 
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Table 3 Aging at 23 C C and 50% relative humidity for 500 hours and 1 000 hours 



Ex. 


Splitting Perfoimance 




500 hours 


1000 hours 


1 


Pass 


Pass 


2 


Pass 


Pass 


6 


Pass 


Pass 


7 


Pass 


Pass 


a 


Pass 


Pass 



Table 4 Low Temperature and High Temperature Aging 



Ex. 


Splitting Perforoance 






-15*C 


+ 70*C 




24 hn 


500 hrs 1 


lOOOhrs 


24hrs 


500 his 


1000 hrs 


1 


Pass 


Pass 


Pass 


Pass 


Pass 


Pass 


2 


Pass 


Pass 


Pass 


Pass 


Pass 


Pass 


6 


Pass 


Pass 


Pass 


Pass 


Pass 


Fail 


7 


Pass 


Pass 


Pass 


Pass 


Fail 


Fail 


8 


Pass 


Pass 


Pass 


Pass 


Fail 


Fail 



Table 5 Splitting Performance after Accelerated Aging 



Example 


A 


cceleraied aging 


Accel, aging JO0O 
hrs, plus 72 hrs 
at minus 15°C 


Accel, aging 1000 
hrs, plus 72 his at 
70°C 




500 hrs 


1000 hrs 


1500 hre 






1 


Pass 


Pass 


Pass 


Pass 


Pass 


2 


Pass 


Pass 


Fail 


Pass 


Pass 


6 


Fail 


Pail 


Fail 


Fail 


Fail 


7 


Fail 


Pail 


Fail 


Fail 


Fail 


8 


Fail 


Fail 


Fail 


Fail 


Fail 



The results of the accelerated aging tests demonstrate that tamper-indicating articles 
10 including a release layer comprising polyester resin advantageously retain their interlayer 
cohesive failure characteristics under severe weathering stress over extended periods of 
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lirae, and therefore are particular useful as labels or stickers for long-term applications. 
The particularly advantageous weathering properties of tamper-indicating articles 
including a polyester resin-based release layer is also demonstrated by the results of the 
outdoor weathering tests, as listed in the following table. 

Table 6 Splitting Performance after Humidity and Outdoor Weathering Exposure 



Example 


Humidity 


Outdoor weathering 




100 hrs 


1 mo. 


3 mo. 


6 mo. 


I 


Pass 


Pass 


Pass 


Pass 


2 


Fail 


Pass 


Fail 


FaU 


6 


Pass 


Pass 


Fail 


Fail 


7 


Pass 


Pass 


Fail 


Fail 


8 


Pass 


Fail 


Fail 


Fail 
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Claims 



1 . A tamper-indicating article for attachment to a surface of a substrate comprising (a) a 
retroreflective sheet and (b) an adhesive layer, 

wherein said retroreflective sheet comprises 
a reflective layer, 

a non-silicone-based release layer adjacent to said reflective layer, and 
a layer of lenses overlying said release layer and positioned in optical connection 
with said reflective layer so as to produce retroreflection; and 
wherein the article exhibits an interlayer cohesive failure at the release layer of the 
retroreflective sheet when an attempt is made to remove the article from the substrate 
surface. 

2. A tamper-indicating article according to claim 1, wherein said release layer is 
discontinuous. 

3. A tamper-indicating article according to claim 2, wherein the retroreflective sheet 
further comprises an ink layer; said ink layer located between the reflective layer and 
the adjacent release layer. 

4. A tamper-indicating article according to any one of claims 1 to 3, wherein the article 
substantially retains interlayer cohesive failure characteristics at the release layer of 
the retroreflective sheet after a dwell time of 24 hours at 23°C and 50% relative 
humidity on a substrate surface. 



5. A tamper-indicating article according to anyone of claims 1 to 4, wherein the release 
layer is made of a material selected from the group consisting of polyester resins, 
polyacrylate resins and mixtures thereof. 

6. A tamper-indicating article according to any one of claims 1 to 5, wherein the 
retroreflective sheet exhibits a tensile strength at break greater than 7.8 NW. 
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7. A tamper-indicating article according to any one of claims 1 to 6, wherein the 
retroreflective sheet exhibits an elongation at break greater than 40%. 

8. A tamper-indicating article according to any one of claims 1 to 7, wherein the 
retroreflective sheet has two major surfaces and said adhesive layer is adjacent to the 
major surface of the retroreflective sheet near said reflective layer and distant to said 
layer of lenses of the retroreflective sheet. 

9. A tamper-indicating article according to any one of claims 1 to 8, wherein the 
reflective layer contains at least one set of axial markings which are viewable as an 
image from the front-side of the retroreflective sheet within a limited range of angles. 

10. A tampering-indicating article according to claims 1 to 9, wherein the adhesive layer is 
a pressure-sensitive adhesive layer. 

1 1. A tamper-indicating article according to claim 10, wherein the pressure-sensitive 
adhesive layer is a film of pressure-sensitive adhesive or a pressure-sensitive adhesive- 
coated tape that can be removed from the substrate surface, without exhibiting 
cohesive failure, by stretching said film or said tape. 



12. A substrate bearing an article according to anyone of claims 1 to 1 1. 

13. Use of an article according to any one of claims 1 to 11 for preparing labels or 
stickers. 

14. Use of an article according to claim 13 for preparing temporary labels or stickers. 

1 5. Use of an article according to any one of claims 1 to 1 1 as a label or sticker. 

1 6. Use of an article according to claim 1 5 as a temporary label or sticker. 
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Abstract 

A tamper-indicating article for attachment to a surface of a substrate comprises (a) a 
retroreflective sheet and (b) an adhesive layer, wherein the retroactive sheet comprises 
a reflective layer, a non-silicone-based release layer adjacent to the reflective layer, and a 
layer of lenses overlying said release layer and positioned in optical connection wkh said 
reflective layer so as to produce retroreflection. The article exhibits an interlayer cohesive 
failure at the release layer of the retroreflective sheet when an attempt is made to remove 
the article from the substrate surface. 
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